Abstract: Due to the rapid economic development in China, the conflict between the increasing traditional energy consumption and the severe environmental threats is more and more serious. To ease the situation, greater use of wind energy in China could be the solution for energy conservation and sustainable environment in the long run.
Introduction
According to the "5th Assessment Report of the Intergovernmental Panel on Climate Change (IPCC)", the atmospheric concentration of CO 2 increased 40% from the concentration before industrialization, which reached 391 mg/L by 2011 [1] . In addition, China created 12.3% of the world's total GDP, consumed approximately 22.4% of the world's primary energy and contributed 27.1% of the world's carbon emissions in 2013 [2, 3] . Under this situation, China has become the largest emitter and energy consumer all over the world, which forces China to face more and more pressure to
Overview of the Wind Power Status in China

China's Available Wind Energy Distribution
China has great onshore and offshore wind resources due to its vast land and long coastline. From the late 1980s, the national wind energy resource assessments have been carried out four times by China Meteorological Administration (CMA) and offer a reliable reference for the wind power development [17] .
According to the results compiled by the 4th "National Wind Energy Detailed Survey and Evaluation" program, the amount and distribution of onshore and offshore wind energy in China are presented as Table 1 Note: The data is from the 4th National Wind Energy Detailed Survey and Evaluation [42] .
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According to the results compiled by the 4th "National Wind Energy Detailed Survey and Evaluation" program, the amount and distribution of onshore and offshore wind energy in China are presented as Table 1 and Figures 1 and 2 Note: The data is from the 4th National Wind Energy Detailed Survey and Evaluation [42] . The data is from the 4th National Wind Energy Detailed Survey and Evaluation [42] .
Given the intensity of onshore wind energy ≥ 300 W/m 2 , the technological exploitation of onshore wind energy in China will reach up to 2000-3400 GW in the future as shown in Table 1 . It is apparent to observe that the onshore wind energy exploitation potential in China is great.
As can be seen in Figure 1 , the north region in China has abundant offshore wind energy including Qinghai, Xinjiang, Inner Mongolia and the northeast area. From Figure 2 , it is obvious to find that the Taiwan Strait has great onshore wind energy where wind energy intensity is above 600 W/m 2 , followed by Guangdong, Guangxi, Hainan and Fujian due to frequent typhoon and tropical depression activity in summer.
The Wind Power Bases in China
In 2008, Chinese government launched and planned the construction of 1 GW-scale wind power bases that include six onshore bases located in "Three North" region (including Northeast, Northwest and North China as mentioned in Table 2 ) and one offshore base located in Jiangsu coast. To gain more detailed information of these bases, a wind energy resources assessment system (WERAS/CMA) is developed by the CMA's Center that adopts the advanced geographical information system (GIS) analysis technology and is suitable for China's climatic and geographical characteristics [43] . Thus, the information of technological exploitation and installed capacity in horizontal resolution of 1 km by 1 km and the height of 50 m for wind energy are obtained as shown in Table 3 . It can be seen that the total potential exploitation of these wind power bases can reach up to 2968.20 GW and the installed capacity could realize 609.99 GW. In addition, Inner Mongolia continues to rank first in the development of wind power in China with a technically exploitable capacity of 381.70 GW, followed by Gansu and Xinjiang with 82.20 GW and 64.80 GW, respectively. As for the wind power potential exploitation, Inner Mongolia makes a great contribution with 1305.30 GW, followed by Jilin and Xinjiang with 1115.40 GW and 249.10 GW, respectively. Thus, it is clear to find that the Inner Mongolia, Xinjiang and Gansu are the primary provinces for the wind power development in the future. Furthermore, the wind power technology in these bases should be improved greatly. In addition, apart from these wind power bases, the Chinese government has taken active action to construct more bases in other provinces such as Shandong. 
The Wind Power Status in China
Since the abundant onshore and offshore wind energy in China, the Chinese wind power has gained remarkable fruits with the rapid growth. In order to facilitate report and discussion, the 31 provinces, cities and autonomous regions (excluding Hong Kong, Macao and Taiwan) in China are grouped into seven regions according to the geographical classification as shown in Table 2 .
Installed Capacity
As can be seen in Figure 3 , the installed capacity in China has experienced a fast increment from 2006 to 2009 with the growth rate of over 100%, while, from 2010 to 2015, its rate slowed down and remained a constant with approximately 30%. Thus, the year of 2011 is a turn from booming to steady growth of wind power installed capacity. In addition, the Northwest region has the greatest growth rate with 16% to 30%, followed by the North China and the Northeast region with 35% to 26% and 32% to 12%, respectively. The relatively lower growth rate is in the Southwest region and Central China with 0.9% to 6.5% and 0.8% to 3.5%, respectively. 
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Wind Power Generation
With the enlarging scale of installed capacity, the wind power generation is on rise from year to year. In 2009, the total wind power generation achieves 274,000 GW, while it is 1,863,000 GW in 2015, which is six times than that of 2009 as shown in Figure 5 . Although the total amount of wind power 
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The Environmental Impact of Wind Power
Greenhouse gases and other associated harmful gaseous emissions, which are byproducts of fossil fuel use, leading to environmental damage, poor health, and early death [46] . Different from the fossil fuel used for power generation, the wind power has significant potential for emissions reduction and energy conservation as presented in Table 4 . Obviously, the wind power generation grows at an accelerating rate that reaches up to 7512 TWh in total from 2008 to 2015 and reduces the coal consumption of 23,887 × 10 4 tce in the same time. In addition, the wind power deployment could not only ease energy shortage but can also make a contribution to the environmental sustainability due to the reduction of CO2, SO2, ox nitride and smoke with 66,854 × 10 4 tons, 173 × 10 4 tons, 180 × 10 4 tons and 30 × 10 4 tons in total respectively. It could be easily concluded that the wind power employment has a significant influence on making energy saving and emissions reducing. 
Greenhouse gases and other associated harmful gaseous emissions, which are byproducts of fossil fuel use, leading to environmental damage, poor health, and early death [46] . Different from the fossil fuel used for power generation, the wind power has significant potential for emissions reduction and energy conservation as presented in Table 4 . Obviously, the wind power generation grows at an accelerating rate that reaches up to 7512 TWh in total from 2008 to 2015 and reduces the coal consumption of 23,887 × 10 4 tce in the same time. In addition, the wind power deployment could not only ease energy shortage but can also make a contribution to the environmental sustainability due to the reduction of CO 2 , SO 2 , ox nitride and smoke with 66,854 × 10 4 tons, 173 × 10 4 tons, 180 × 10 4 tons and 30 × 10 4 tons in total respectively. It could be easily concluded that the wind power employment has a significant influence on making energy saving and emissions reducing. The data is from the China 13th Five-Year Plan for renewable energy development [47] .
Forecasting the Wind Power in China
In this paper, the GM(1,1) and the scenario analysis method are employed to forecast the wind power in China from 2017 to 2025, and the evaluation of the two approaches is presented at the same time.
GM(1,1) Model
Firstly, it is essential to test the validity of grey model according to the whitening differential equation [46] . By the calculation on primary data, it is obvious to find that the absolute value of the development coefficient for grey model is greater than 2 and its negative value is less than 0.3; thus, the grey model is suitable for the long-term prediction [48] . In addition, there is a hypothesis that the condition of economy and the government policy in China in the future is stable enough to make certain the accuracy of the prediction with GM (1,1) .
Through the initial data processing such as extracting, taking logarithms or smoothing, a non-negative sequence X (0) is gained. Then, its Accumulating Generation Operational Sequence and GM(1,1) model is obtained [49] [50] [51] . Finally, installed capacity in China from 2017 to 2025 is predicted by its time response sequence.
In this paper, the data of installed capacity during 2006 to 2016 is employed as primary information for the prediction. Then, all of the prediction results are shown in Table 5 . Meanwhile, the residual analysis is adopted in order to test the model, and it concludes that the results predicted are reliable. 
Scenario Analysis
Here, the installed capacity is predicted with three scenarios as shown in Table 6 . The GDP growth rate is considered as an indicator for the installed capacity prediction in China from 2017 to 2025, and the installed capacity is predicted as shown in Table 7 . 
Data
The data of installed capacity in China from 2006 to 2016 is collected from National Energy Administration [43] .
Results and Discussion
With the GM (1,1) , the prediction of installed capacity is presented in Table 5 and Figure 7 . It is obvious to find that the installed capacity in China is increasing from year to year with an average annual growth rate of 9.56% from 2017 to 2025. Furthermore, there has a stable slowdown in the growth rate while the value of installed capacity is increasing. In addition, the installed capacity is stable in an approximate liner tendency as shown in Figure 7 . It could apparently be concluded that the installed capacity in China is projected to reach 38,311.1810 × 10 3 GW after about 10 years, which is roughly 2.27 times than that in 2016. The potential of the wind power development in China is great and the government should pay more attention to it. annual growth rate of 9.56% from 2017 to 2025. Furthermore, there has a stable slowdown in the growth rate while the value of installed capacity is increasing. In addition, the installed capacity is stable in an approximate liner tendency as shown in Figure 7 . It could apparently be concluded that the installed capacity in China is projected to reach 38,311.1810 × 10 3 GW after about 10 years, which is roughly 2.27 times than that in 2016. The potential of the wind power development in China is great and the government should pay more attention to it. With the scenario analysis, it is clear to find that the installed capacity in the future is related to the GDP growth rate closely. When the GDP growth rate is high, the installed capacity in China will reach 40,000 × 10 3 GW in 2025, while it will be 29,000 × 10 3 GW under the low GDP growth rate. In addition, it can be concluded that the installed capacity in China from 2017 to 2025 is increasing under all scenarios. Thus, paying more attention to wind power is a prior and essential task for policy makers and academic researchers.
Comparing the two approaches, it is apparent to observe that the predicted results with GM ( With the scenario analysis, it is clear to find that the installed capacity in the future is related to the GDP growth rate closely. When the GDP growth rate is high, the installed capacity in China will reach 40,000 × 10 3 GW in 2025, while it will be 29,000 × 10 3 GW under the low GDP growth rate. In addition, it can be concluded that the installed capacity in China from 2017 to 2025 is increasing under all scenarios. Thus, paying more attention to wind power is a prior and essential task for policy makers and academic researchers.
Comparing the two approaches, it is apparent to observe that the predicted results with GM(1,1) are consistent with the results with high scenario analysis approximately due to the data limitation. Because it takes quantitative analysis, qualitative analysis, subjective factors and various possible situations together into account for prediction, the scenario analysis method has a better predictive effect than other prediction methods such as trend extrapolation method and GM(1,1).
Conclusions
This paper offers a detailed and comprehensive description for the current status and the development of the wind power in China.
Firstly, now the wind energy in China is majorly distributed in the North region with 2500-3000 GW and the offshore wind energy in Southeast is abundant, which should be exploited effectively in the future. The seven wind power bases are introduced and the Inner Mongolia base located in North China not only makes a great contribution to wind power but also has great wind power potential with 1300 GW installed capacity. In addition, the growth rate of installed capacity and wind power generation in China is declining with 100% in 2006 to 30% in 2015, 107% in 2009 to 17% in 2015, while the absolute value of installed capacity and wind power generation is soaring. Furthermore, the "three North" region makes a great contribution to current installed capacity and wind power generation with 74% and 71%, respectively. It can be seen that China has a solid foundation for the development of wind power. Furthermore, wind energy as a renewable and green energy has significant environmental benefits including the reduction of coal, CO 2 and SO 2 with 23,887 × 10 4 tce, 66,854 × 10 4 tone and 173 × 10 4 tone in total from 2008 to 2015, respectively, which facilitate sustainable energy and sustainable environment.
Secondly, the installed capacity is predicted by GM(1,1) and scenario analysis. It draws that the annual average growth rate of installed capacity from 2017 to 2025 is 9.56% and the installed capacity of 38,311.1810 × 10 4 GW in 2025 with GM (1,1) . Meanwhile, the installed capacity will reach up to 40,000 × 10 3 GW in 2025 under the high GDP growth rate and 29,000 × 10 3 GW in 2025 under the low GDP growth rate with the scenario analysis. It is clear to find that the results predicted by the GM(1,1) model are consistent with that of the high GDP growth rate.
In addition, wind energy as a renewable and clean energy has a significant effect on the sustainable development of economy, energy and environment. Thus, the government in China should stimulate its development widely and effectively by carrying out effective policies and encouraging firms to enhance the technological innovative ability. Although some factors hinder the wind power deployment such as material used in wind turbines and the wind power curtailment problems, the booming development tendency of wind energy will not change under the serious threatening of traditional energy depletion and environmental problems.
Finally, although some valuable information has been reached in this paper, there are still several points that can be improved such as another more precise method employed for the prediction of installed capacity, the influence of technological development, detailed wind power problems and so on. These aspects will be improved in further studies.
